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期保存条件和杂色鲍×盘鲍授精条件，结果表明，添加 3 %DMSO、精液浓度调整为 7.5×
108个·mL-1、在 7 ℃下保存，可以精子的活力半衰期延长 43 h；将授精时间控制在卵子排
















































Studies on artificial gynogenesis in Haliotis diversicolor 
 
 
Cai Mingyi   
Advisors: Prof. Wang Guizhong & Prof. Ke Caihuan 
 
Department of Oceanography, Xiamen University, Xiamen 361005, China 
 
Abstract 
Haliotis diversicolor (S for short) is one of most economically important mollusks cultured 
in the coast of Southern China. To support sustainable development of the culture industry of 
abalone, genetic improvement program have been proposed. Gynogenesis induction is an 
important chromosome set manipulation techniques with potential applications including of rapid 
establishment of inbred lines or strains with high degree of homozygosity, sex-control, and 
accelerated elimination of recessive deleterious genes from aquaculture population. Nevertheless, 
studies on gynogenesis in mollusks were still preliminary. The purpose of this dissertation was: (1) 
to investigate the conditions and cellular mechanism of artificial induction gynogenetic diploid in 
the H. diversicolor with UV and CB treatment; (2) to overcome the prezygotic reproduction 
isolation between the H. diversicolor and the H. discus discus (J for short); (3) to confirm the 
viable hybrid F1 of the cross of H. diversicolor and H. discus discus were gynogens; (4) to reveal 
the mechanism how gynogens were produced from hybridization. Results were as follows: 
1 Gynogenetic diploid induction in the H. diversicolor with UV and CB treatment 
1.1 The condition and effect of UV irradiation 
UV irradiation had effect not only on the sperm genome, but also on the functions of sperm 
and the development of progenies. Considered the effect of genetic inactivation, the fertilization 
rate, the normality rate of progenies and the stability of various batches, the conditions to genetic 
inactive sperm of the Small abalone were: 1mm depth layer of 5×106 cell·mL-1 semen irradiated 
for 50-90 sec with UV at intensity of 1075 µW·cm-2·s-1. In addition, excessive sperm and prompt 
insemination were recommended after irradiation, since that ability to fertilize the egg was 
declined and the age of sperm speeded up after UV irradiation. Dense chromatin body (DCB) 
instead of male parental chromosomes existed in gynogenetic egg at the first mitosis, while the 















of chromosome were disturbed for damage of DNA with UV. 
1.2 The condition of diploidization 
Slight difference (2 min) of starting time resulted in great difference of normality rate of 
progenies, which proved the starting time is one of most important parameter in chromosome 
doubling. The optimal starting time of chromosome doubling was varied with embryo 
development speed, and the embryo development speed varied with water temperature and male 
parent’s condition. So the optimal starting time was present as a relative time to the egg cleavage: 
0.14T2C and 0.25 T2C. In addition, some special cellular image present with CB treatment, such as 
disappearance of meiosis spindle, and three pronuclei coexisted in an egg. 
2. Gynogens produced from interspecific cross between Haliotis diversicolor and Japanses 
abalone 
2.1 Conditions for insemination of hybridization 
The conditions of short-term storage of semen of Haliotis diversicolor were screened with 
orthogonal experiment. Half life of sperm could be prolonged about 43 h when the semen stored 
at 7 ℃ with 3 % DMSO at concentration of 7.5×108 cell·mL-1, which alleviated the difficulty 
of interspecific hybridization of the H. diversicolor and the H. discus discus for spawning 
asynchronously.  
To overcome the gametic incompatibility of interspecific hybridization between the Haliotis 
diversicolor and the H. discus discus, the effects of gametic age, insemination sperm 
concentration, pH, temperature, Trypsin and Ca2+ on the fertilization rate were investigated. The 
results showed that the age of egg and insemination sperm concentration are two important 
factors influencing on the fertilization rate. The fertilization can reach about 50 %, when egg 
inseminated with heterogeneous sperm at a concentration about 100 times as that of pure cross in 
5 min after female parent spawning. 
2.2 Performance of hybrid F1 
2.2.1 Embryo stage 
SJ and JS hybrid F1 took more time to complete the first mitosis than both parent, and the T0 
of hybrid F1 was longer than that of their female parent. The normality rate of SJ hybrid F1 was 
only 1.19 % relative to SS pure progenies.  
2.2.2 Juvenile and adult stage 
SJ and JS hybrid F1 were similar to their female parent according to morphological and 
numerical characters. Hybrid F1 also exhibited the same rhythm of growth as their female parent, 
but slower growth speed compared with their female parent.  
2.3 Genetic analysis on hybrid F1 between   















The results of genetic analysis of hybrid and pure population with AFLP showed that the 
genome of SJ and JS hybrid F1 composed of at least 96.27% and 97.02% of maternal gene 
respectively. The results of genetically analysis of SJ hybrid F1 confirmed that the hybrid F1 were 
gynogens containing only a little paternal genes (about 0.79±0.87%). In addition, the genetic 
diversity of SJ and JS population decreased in hybrid F1 population. 
2.3.2 The mechanism of gynogens produced from interspecific hybridization  
The results of cellular investigation of SJ fertilization showed that the fertilization of 
hybridization was similar to the process of amphimixis. In the early development stage, SJ hybrid 
F1 composed of both female and male genome was also confirmed with the results of karyotype 
analysis and GISH. 
The results of karyotype analysis confirmed that spontaneous diploidization of maternal 
chromosome set (SDM) occurred in about 5.8%~17.9% developed eggs in the heterospecific 
cross. Cellular evidences of SDM were also provided as three pronuclei coexisted in 3.2% eggs in 
the pronucleus stage. The maternal genes segregated in hybrid F1 revealed with AFLP suggested 
that SDM occurred through blocking the extrusion of the second polar body. 
The proportion of aneuploid in SJ hybrid F1 was much higher than that in the progenies of 
pure cross. Break and deficiency occurred frequently deduced from the results karyotype analysis. 
These results indicated the combined genome of SJ hybrid F1 was instable, and inclined to lose 
chromosome. Furthermore, The karyotype analysis on the aneuploid showed that the metaphase 
with more than 34 chromosomes were composed with two intact H. diversicolor chromosome 
sets and several unpaired chromosomes, and the metaphase with less than 34 chromosomes 
always had a marker chromosome of H. diversicolor, which indicated that the male parental 
chromosomes were eliminated preferentially.  
Above all, the mechanism of gynogen produced from interspecific hybridization between H. 
diversicolor and H. discus discus were deduced as follows. (1) The sperm of H. discus discus 
entered the egg of H. diversicolor, and activated the development of the egg. The paternal 
genome merged with maternal genome and replicated together. (2) SDM occurred in some 
developed eggs through blocking the extrusion of the second polar body. (3) The chromosomes 
from male parent were prefericial eliminated, so heterogenous triploid developed into viable 
gynogens with chromosome of male parent being eliminated. 
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